Objective-To determine whether objectively applied ultrasonographic interpretive criteria are statistically useful in differentiating among 7 defined categories of diffuse liver disease in dogs and cats. Sample Population-Ultrasonographic images of 229 dogs and 104 cats. Procedures-Liver parenchymal or related sonographic criteria established by the authors were retrospectively and independently applied by 3 radiologists who were not aware of patient status or patient laboratory data. Seven histologic or cytologic categories of diffuse (infiltrative but not nodular) liver diseases were jointly established by the authors and included normal liver; inflammation; round-cell neoplasia; non-round-cell infiltrative, prenodular (early) metastatic neoplasia; lipidosis; vacuolar hepatopathy; and other. Liver parenchymal sonographic criteria included parenchymal sound attenuation with increasing depth, comparative organ echogenicity (liver, spleen, and kidneys), diffuse or patchy hyperechoic or hypoechoic echotexture, uniform or coarse echotexture, portal venous clarity, and liver lobe geometry. Related extrahepatic criteria included gallbladder wall thickness, bile duct diameter, amount and character of gallbladder precipitate, nondependent shadowing in the gallbladder, hepatic vein diameter versus caudal vena cava diameter, peritoneal fluid, spleen echotexture (normal vs abnormal [characterized]), and kidney echotexture. Ultrasonographic criteria were statistically compared to the 7 categories of diffuse liver disease in search of clinically exploitable relationships. Results-Statistical evaluation of the applied ultrasonographic criteria did not yield clinically acceptable accuracy for discrimination among the 7 categories of diffuse liver diseases (including normal liver) in either species. Conclusions and Clinical Relevance-Criterion-based ultrasonographic appearance was insufficient to discriminate among canine and feline diffuse infiltrative liver diseases. (Am J Vet Res 2008;69:212-221) 
U
ltrasonographic evaluation is an integral part of the assessment of liver disease in dogs and cats. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Diffuse (infiltrative but not nodular) liver disease is a common problem in dogs and cats. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Despite this volume of information, there is no information on the accuracy of ultrasonographic interpretation for differentiation among the types of diffuse liver infiltrates (inflammatory, vacuolar hepatopathy, round-cell neoplasia, prenodular [early] metastatic disease, lipidosis, or other nonnodular liver disease). Furthermore, there is no information on the accuracy of ultrasonographic interpretation for differentiating diffuse liver disease from normal liver.
The group of diseases that can manifest as an infiltrative (but not architecturally disruptive) ultrasonographic pattern (eg, not masses, not nodules, without
Statistical relevance of ultrasonographic criteria in the assessment of diffuse liver disease in dogs and cats intrahepatic dilatation of bile duct, or without vascular disruption-distortion) include cholangiohepatitis (all forms), diffuse prenodular (early) metastatic carcinoma or sarcoma, round-cell neoplasia (including lymphomas, mast cell disease, and histiocytic neoplasms), patchy or diffuse fatty infiltrate, vacuolar hepatopathy, storage diseases (eg, amyloidosis or copper), toxic hepatopathy, early degenerative changes attributable to micronodular hyperplasia with various degrees of fibrosis (precirrhosis conditions), and vascular abnormalities. [1] [2] [3] [4] [5] [6] [11] [12] [13] [15] [16] [17] 19, 21, [23] [24] [25] [26] Currently, the role of grayscale ultrasonography in identifying hepatic parenchymal disease is limited to defining evidence of nodules or masses, guiding percutaneous collection of samples for use in cytologic or histologic examinations, and searching for related nonhepatic morphologic abnormalities that could create the biochemical or ultrasonographic abnormalities. These would include identifying portosystemic shunts, abdominal lymphadenopathy, or other masses and characterizing morphologic characteristics of the adrenal glands and pancreas.
The combination of liver ultrasonography and sonographically guided collection of samples for cytologic or histologic examination is part of an in-depth evalu-ation of liver disease. 29, 30 Unfortunately, there has been no large-scale, organized attempt to objectively define clinically applicable ultrasonographic criteria for naturally developing diffuse liver disease and to statistically correlate them with microscopic or biochemical findings. Furthermore, there has been no objective study completed to determine the number of animals with abnormal serum liver enzyme concentrations that actually have an abnormal ultrasonographic appearance to a clinician who is unaware of the biochemical analysis. Although there have been numerous studies [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] in humans to compare the findings of ultrasonography with those of cytologic and histologic examinations, a specific, criterion-based comparison could not be found in the veterinary literature. In addition to brightnessmode ultrasonography, Doppler and ultrasonographic contrast techniques have been used, [50] [51] [52] [53] [54] [55] [56] but they appear to address only specific circumstances. In 1 report 57 in the veterinary literature, ultrasonographic criteria were compared to induced steroid hepatopathy.
Interpretation of any image, including liver ultrasonograms, is a mental amalgamation of background data (historical, physical, hematologic, and biochemical), information embedded in the images, risk assessment (age-related likelihood of neoplasia or specific breed-associated diseases), and knowledge of the pathologic and ultrasonographic findings among the diseases under consideration. 32, [35] [36] [37] 39, 40, 42, 46, 48, 49 To appropriately weight ultrasonographic appearance in this process, it must be determined whether there is any clinically exploitable diagnostic relationship between the ultrasonographic appearance (definable criteria) and any subset of the aforementioned diffuse diseases. This knowledge would appropriately place the ultrasonographic appearance of the liver parenchyma into the category of only an aid in the disease search or the category of a clinically applicable tool for use in differentiating among diffuse liver diseases in dogs and cats.
Because of the need to define the diagnostic yield from and the appropriate patient management role of liver-related ultrasonographic procedures for infiltrative disease, a retrospective study was devised. The objective was to determine whether commonly used ultrasonographic criteria for liver interpretation (eg, relative echogenicity in relation to that of other abdominal organs, characterization of liver surface and edges, and clarity of portal vein walls) without knowledge of patient status (normal or abnormal) or any other patient data would provide statistically relevant value for use in differentiating among microscopically defined groups of naturally developing diffuse liver diseases in dogs and cats. The hypotheses tested were that a significant relationship exists among specific or groups of ultrasonographic criteria and the various categories of diffuse liver disease and that regardless of the relationship defined by ultrasonographic criteria alone, it can be improved by statistical integration of routine biochemical and hematologic laboratory data.
Materials and Methods
Sample population-A retrospective evaluation was conducted of grayscale liver ultrasonograms obtained from dogs and cats examined because of possible liver disease at the University of Minnesota Veterinary Medical Center between February 2001 and November 2003. Ultrasonograms with previous interpretations of mass or nodular disease were excluded from the study. Ultrasonographic images of the remaining patients were screened by 2 investigators (DAF, BMD) to determine whether there was a representative number of liver images available and the images were of adequate quality for evaluation.
Ultrasonographic evaluation-Static hard-copy ultrasonographic images from 403 animals (299 dogs and 104 cats) were analyzed by 3 board-certified veterinary radiologists (DAF, KLA, LEZ) by use of a defined series of criteria (Appendices 1 and 2). Investigators did not have knowledge of the animal with regard to suspected disease, results of hematologic or serum biochemical analysis, or patient status. Randomly inter spersed among these images were images obtained from 60 animals (53 dogs and 7 cats) that did not have relevant pathologic changes in the liver (ie, normal liver), as determined on the basis of antemortem histologic or cytologic examinations or during necropsy. An option was included whereby a radiologist could refuse to interpret images for a specific animal on the basis that, in the opinion of the radiologist, the images were inadequate.
Interpretations of cytologic, histologic, or necropsy findings were screened by an investigator who was board-certified in veterinary internal medicine (RMH). These microscopic findings were then classified into 1 of 7 categories, which included no important findings (normal liver); inflammation (mononuclear or polymorphonuclear); round-cell neoplasia (lymphoma, mast cell, or histiocytosis); non-round-cell (infiltrative prenodular metastatic) neoplasia; lipidosis; vacuolar hepatopathy; and other. Equivocal or insufficiently specific data resulted in the elimination of that patient from the study. Only official cytologic, biochemical, or histologic findings from the University of Minnesota Veterinary Medical Center Laboratories or 2 regional outlets of national commercial veterinary clinical laboratories a,b were used in this study. To be included in the analysis, serum biochemical data had to be obtained within 14 days of the date on which the ultrasonographic examination was performed. Variables analyzed were activities of alanine transaminase, alkaline phosphatase, aspartate transaminase, and γ-glutamyltransferase; serum concentrations of albumin, BUN, creatinine, and total bilirubin; a CBC; WBC differential counts; and, when applicable, adrenal gland-related data (results for ACTH stimulation, plasma cortisol:urine cortisol ratio, and results for dexamethasone suppression tests).
Data analysis-All data were entered into a commercially available spreadsheet c and analyzed by use of a statistical analysis package.
d Significance for all analyses was defined as values of P < 0.05. Because all patients did not have biochemical or hematologic data (ie, laboratory data) that met inclusion criteria, 2 groups of patients were defined (those with laboratory data and those without laboratory data). The groups were pooled for comparisons to categories of liver disease and ultrasonographic criteria. However, additional discriminant analyses were performed on the group with applicable laboratory data that included use of both the laboratory and ultrasonographic data.
Applied ultrasonographic criteria (Appendices 1 and 2) were compared to the 7 categories of liver status by use of χ 2 analysis to identify significant relationships for each radiologist as well as to determine whether there was a pattern among radiologists that could be exploited for clinical identification of the 7 categories of liver status. Ultrasonographic criteria used by > 1 radiologist (on the basis of results of the χ 2 analysis) were subjected to discriminant analysis by use of a forward stepwise regression procedure for variable inclusion (P < 0.05 for inclusion and P > 0.1 for exclusion) for each radiologist to evaluate the predictive capacity of these selected criteria for the 7 categories of liver status among all patients. A similar additional analysis was performed separately on the subset of patients with laboratory data to determine whether prediction of the category of liver status (percentage predicted correctly) could be improved by the addition of laboratory data. Another discriminant analysis was performed for each radiologist by use of their applied ultrasonographic criteria to evaluate the predictive capacity of these criteria for the 7 categories of liver status among all patients. Similar to analysis for the shared criteria, an additional analysis for specific applied ultrasonographic criteria was performed separately on the subset of patients with laboratory data.
Subsequently, ultrasonographic variables were created by use of ordinal metric values assigned to the ultrasonographic criteria (Appendices 1 and 2). A similar χ 2 analysis and similar 4 rounds of discriminant analyses were performed by use of the metric ultrasonographic variables that were performed for the aforementioned nonmetric ultrasonographic criteria. A Spearman correlation matrix was used to compare each microscopic diagnosis (including that of normal liver) to the interpreted ultrasonographic criteria to determine whether significant relationships existed among the ultrasonographic, histologic, cytologic, biochemical, or hematologic variables. The null hypothesis was that no relationship existed between any of the ultrasonographic criteria, the microscopic diagnoses, or the laboratory values.
Further discriminant analyses were performed separately on each species to determine whether differences existed in the relationship among the ultrasonographic, histologic, cytologic, biochemical, or hematologic variables for the 7 categories of liver status. An additional discriminant analysis was performed by use of only the ordinal metric values for biochemical or hematologic data to determine whether significant relationships existed among the histologic, cytologic, biochemical, or hematologic variables for the 7 categories of liver status.
Results
The species and number of animals for each category of liver disease were defined ( Table 1) . Sex of animals did not have a significant effect, but there were only 12 sexually intact females and 15 sexually intact males in our data set. Two subgroups (403 animals [all animals] and 307 animals with laboratory data) were analyzed. Data were organized with regard to these 2 groups but subcategorized on the basis of species.
From the comparison among radiologists, 30 common ultrasonographic criteria (from the 51 variables in Appendices 1 and 2) were identified as having a relationship with 1 or more of the 7 categories of liver status in dogs, on the basis that ≥ 2 radiologists used a given criteria. These 30 criteria were identified by use of the χ 2 test of homogenicity. An ultrasonographic criterion was selected for further analysis when the χ 2 value of that comparison was ≥ 2. For example, a value of 0 in a cell within a χ 2 table indicated no relationship, and a summed χ 2 value of 3.84 for all cells in a table indicated significance with 1 df.
One subgroup included comparative echogenicity among parenchymal organs (liver, spleen, or kidneys), diffuse or patchy hyperechoic or hypoechoic character of the liver, uniform or coarse liver echotexture, variations in portal venous clarity, geometry of liver lobe edges and contours, variability in diameter of the caudal vena cava, identifiable peritoneal fluid, and character of peritoneal surfaces. However, when analyzed by use of a correlation matrix, none of these criteria had a Spearman correlation coefficient > 0.24, when compared to the 7 categories of liver status in dogs for any radiologist despite a significant outcome for the χ 2 test. *Categories of liver disease include normal liver; inflammation (mononuclear or polymorphonuclear); round-cell neoplasia (lymphoma, mast cell, or histiocytosis); non-round-cell, infiltrative prenodular (early) metastatic neoplasia; lipidosis; vacuolar hepatopathy; and other. †Only criteria with coefficients > 0.30 are reported. Spearman correlation coefficients were significant (P < 0.001). Similarly, none of these criteria had a Spearman correlation coefficient > 0.30 in a correlation matrix that compared use of ultrasonographic criteria among the 3 radiologists for dogs, despite a significant outcome for the χ 2 test. These were all the available morphologic descriptors for the liver parenchyma of dogs, except parenchymal attenuation.
An additional subgroup of ultrasonographic criteria used by all radiologists had higher Spearman correlation coefficients for a similar analysis (Table 2) . These included increased sound attenuation in liver parenchyma with increasing depth, thickness of the gallbladder wall, diameter of the bile duct, no or limited precipitate in the gallbladder, nondependent shadowing in the gallbladder, diameter of the hepatic vein relative to the diameter of the caudal vena cava, identifiable peritoneal fluid, spleen echotexture (normal vs abnormal), specific patterns of abnormal spleen echotexture, comparison of the echogenicity of liver parenchyma in relation to echogenicity of kidney parenchyma, and kidney echotexture.
From a similar comparison among radiologists, 30 common ultrasonographic criteria (from the 51 variables in Appendices 1 and 2) were identified as having a relationship with 1 or more of the 7 categories of liver status in cats. One subgroup included diffuse or patchy hyperechoic or hypoechoic character of the liver, uniform or coarse liver echotexture, patchy or nodular liver echotexture, variations in portal venous clarity, geometry of liver lobe edges and contours, thickness of the gallbladder wall, variability in diameter of the caudal vena cava, diameter of the hepatic vein relative to the diameter of the caudal vena cava, identifiable peritoneal fluid, and character of peritoneal surfaces. When criteria related directly to the liver parenchyma were analyzed by use of a correlation matrix, only diffuse liver hyperechogenicity, liver echogenicity less than that of the kidney cortex, lack of sound attenuation with increasing depth, and clarity of the portal vein wall were found to have correlation coefficients > 0.3 and < 0.5 when compared among the liver categories in cats for any radiologist, despite significant differences for the χ 2 test. When extrahepatic criteria were analyzed by use of a correlation matrix, only evidence of complex peritoneal fluid, splenic nodules, splenic mass, or splenic infiltrative pattern were found to have correlation coefficients > 0.3 when compared among the categories of liver status in cats for any radiologist. In only 1 instance for 1 radiologist did the correlation coefficient for any criterion in cats exceed 0.5 (0.56 for complex peritoneal fluid). Similarly, none of these criteria had a Spearman correlation coefficient > 0. 30 *Values represent the number of dogs correctly placed in a given category/number of dogs categorized cytologically or histologically in that category. †Serum biochemical variables included activity of alanine transaminase, alkaline phosphatase, aspartate transaminase, and γ-glutamyltransferase; serum concentrations of albumin, BUN, creatinine, and total bilirubin; and results of adrenal gland-related data (results for ACTH stimulation, plasma cortisol:urine cortisol ratio, and results for dexamethasone suppression tests). Table 4 -Calculated accuracy of categorization of diffuse liver disease in dogs for each of 3 radiologists by use of individually applied ultrasonographic criteria and with or without inclusion of available serum biochemical variables in discriminant analysis.
liver echogenicity compared with kidney and spleen echogenicity, increased sound attenuation of the liver parenchyma with increasing depth, diameter of the bile duct, no or limited precipitate in the gallbladder, nondependent shadowing in the gallbladder, identifiable peritoneal fluid, and specific patterns of abnormal kidney echotexture.
Use of the ultrasonographic criteria yielded significant identifiable relationships within each radiologist. Thus, the use of 1 variable may predict the use of another variable. An example of this would be the use of coarse liver echotexture at the same time as patchy hyperechoic or hypoechoic echogenicity. Despite similarities such as these in the descriptors, there were only 6 pairs (ie, 1 variable predicted the use of the other) of variables for both species, and these involved only 2 of the 3 radiologists.
Accuracy of the various biochemical, hematologic, and ultrasonographic variables for the correct classification of a patient in 1 of the 7 categories of liver status by use of discriminant analysis was limited. When only biochemical data were used in dogs, the accuracy for predicting the appropriate category of liver status (normal liver, vacuolar hepatopathy, lipidosis, inflammation, round-cell neoplasia, or non-round-cell neoplasia) was 25.8%, whereas the random probability of classifying a dog in the appropriate category of liver status was 16.7%. The only significantly relevant biochemical variables for dogs were total bilirubin and serum albumin concentrations. Similarly, when only hematologic data were used, accuracy for predicting the appropriate category of liver status in dogs was 23.6%. The only significantly relevant hematologic variables were total lymphocyte and unsegmented neutrophil counts. When only biochemical and hematologic data were used, accuracy for predicting the appropriate category of liver status in dogs was 31.4%. Accuracy when only defined ultrasonographic criteria chosen by the 3 radiologists were used to classify dogs in the appropriate category of liver status ranged from 32% to 41% among the radiologists, with 16.7% being the probability of a correct random classification. When only the biochemical and ultrasonographic variables were included in the discriminant analysis of dogs, accuracy ranged from 35% to 42% among the radiologists. When the hematologic, biochemical, and ultrasonographic variables were included in the discriminant analysis of dogs, maximum accuracy ranged from 33.7% to 37.4% among the radiologists.
When only biochemical data was used in cats, accuracy for predicting the appropriate category of liver status was 19.7%, whereas the random probability of correctly classifying a cat in the appropriate category of liver status was 16.7%. The only significantly relevant biochemical variables in cats were serum activities of alanine transaminase and γ-glutamyltransferase. Similarly, when only hematologic data were used, accuracy for predicting the appropriate category of liver status in cats was 16.9%. The only significantly relevant hematologic variable in cats was total RBC count. When both biochemical and hematologic data were used, accuracy for predicting the appropriate category of liver status in cats was 18.3%. Accuracy when only defined ultrasonographic criteria chosen by the 3 radiologists were used to classify cats in the appropriate category of liver status ranged from 43% to 63% among the radiologists (random probability of appropriate classification was 16.7%). When only the biochemical and ultrasonographic variables were included in the discriminant analysis of cats, accuracy ranged from 51% to 64% among the radiologists. When the hematologic, biochemical, and ultrasonographic variables were included in the discriminant analysis of cats, the maximum accuracy ranged from 31.7% to 54.9% among the radiologists.
For both species and all 3 radiologists, the applied group of ultrasonographic variables was available in all analyses. From the 30 ordinal metric values of variables in Appendices 1 and 2, 7 diffuse liver-related architecture categories were defined: portal vein clarity (clear or unclear), liver border contour (sharp or round), thickness of the gallbladder wall, splenic architecture See Table 4 for remainder of key. (nodule or mass), echogenicity of liver parenchyma (hyperechoic or hypoechoic), sound attenuation of liver parenchyma (evident at any or all probe frequencies), and character of any identifiable peritoneal fluid (simple or complex). Ultrasonographic variables in dogs that were significantly related to the liver-status categories included gallbladder status and sound attenuation of the liver parenchyma. These were used twice as often as any of the other categories of variables; the other categories were all used equally. Ordinal metric values for ultrasonographic variables in cats that were significantly related to the liver-status categories included echotexture of the liver parenchyma, followed by spleen pattern and character of the peritoneal fluid, and then by portal vein clarity and sound attenuation of liver parenchyma, with the least used being liver border contour.
On the basis of discriminant analyses, overall accuracy of the ultrasonographic criteria chosen by the radiologists to predict liver-status category varied by approximately 10%, with a couple of notable but inconsistent results that were dependent on whether serum biochemical variables were included in the discriminant analysis along with the nonparametric ultrasonographic criteria (Tables 4 and 5 ). However, there was high variation in criteria-based accuracy among liver categories (including normal liver) for each radiologist, and there was no specific pattern for any specific radiologist. Use of biochemical variables improved the accuracy of diagnosis of vacuolar hepatopathy and lipidosis in dogs and vacuolar hepatopathy in cats. However, this was generally no better than an accuracy among radiologists of approximately 50% for dogs and between 50% and 65% for cats. Discriminant analyses by use of ordinal metric values assigned to ultrasonographic criteria were somewhat less accurate than analyses that used only the nonparametric ultrasonographic criteria.
Discussion
Mean accuracy for 3 board-certified veterinary radiologists when their choices of ultrasonographic criteria were statistically analyzed against the 7 categories of diffuse liver disease was 36.5% for dogs. When biochemical variables were combined with the ultrasonographic criteria, the mean accuracy for dogs improved slightly to 39.1%. For comparison, mean accuracy for the same radiologists when their choices of ultrasonographic criteria were statistically analyzed against the 7 categories of diffuse liver disease was 54.6% for cats. When combined with biochemical variables, accuracy for cats improved slightly to 57.5%. Similar analyses relating biochemical or hematologic variables without the ultrasonographic criteria to the 7 categories of liver status did not exceed an accuracy of 32% in either species, whereas the random probability of a correct response was 16.7%. Even the accuracy of identification of normal liver when only ultrasonographic criteria were used was highly variable (0% to 80%) for each species and among the radiologists.
In short, overall accuracy of prediction of the category of liver status when only ultrasonographic criteria were used was < 40% for dogs and < 60% for cats, regardless of whether biochemical or hematologic variables were added to the statistical model. The exception may be fatty liver in cats because criterion-based assessment yielded a correct classification in at least 50% of cats by all radiologists and exceeded 70% in 2 of 3 radiologists with or without inclusion of biochemical variables. For comparison, accuracy of prediction of the category of liver status when biochemical or hematologic (or both) variables were used was only nominally better than random assignment. The addition of hematologic or biochemical variables to the statistical model along with the ultrasonographic criteria did not significantly improve the accuracy of correlations with the 7 liver-status categories in either species.
Of interest in both dogs and cats, almost none of the parenchymal descriptors (comparative echogenicity among parenchymal organs [liver, spleen, and kidneys], diffuse or patchy hyperechoic or hypoechoic liver character, uniform or coarse liver echotexture, variations in portal venous clarity, or geometry of liver lobe edges and contours) had a clinically applicable correlation between pairs of radiologists, despite significant relationships for each radiologist. The problem was that the low correlation coefficients (≤ 0.3) explained < 10% of the variation in radiologists' use of these criteria. However, sound attenuation of liver parenchyma as well as other less parenchymal-specific criteria were more frequently used by > 1 radiologist. Similarly, there were some ultrasonographic criteria that were significantly related within a radiologist in that the use of 1 criterion would be highly predictive of the use of another. Because there were only about 6 such pairs of related ultrasonographic criteria for 2 or 3 radiologists, the application of descriptive ultrasonographic criteria was apparently highly specific among the radiologists. It seems that individuals have a set of criteria that they typically group together and use more than other criteria, even when a larger array of choices is available. Furthermore, when the ultrasonographic criteria were compared to the categories of liver status in dogs for each radiologist, neither the intrahepatic nor extrahepatic criteria had clinically applicable correlation coefficients (> 0.3). By comparison, when the ultrasonographic criteria were compared to the categories of liver status in cats for each radiologist, only 6 liver parenchymal and 4 extrahepatic criteria had correlation coefficients with limited clinical applicability (0.3 < r < 0.6). These criteria appeared primarily related to liver lipidosis, which comprised approximately 50% of the conditions in cats.
It appeared that the nonparenchymal findings (thickness of the gallbladder wall, diameter of the bile duct, no or limited precipitate in the gallbladder, nondependent shadowing in the gallbladder, diameter of the hepatic vein relative to the diameter of the caudal vena cava, identifiable peritoneal fluid, spleen echotexture [normal vs abnormal], and specific patterns of abnormal spleen echotexture) and sound attenuation of liver parenchyma with increasing depth played an important role in the categorization process, but the specific use of these findings outside of a statistical model would be limited, depending on the disease category in question. Of interest, sound attenuation of liver parenchyma with increasing depth appeared to facilitate categorization of liver status to a greater degree in dogs than in cats, despite the greater accuracy of status categorization in cats and the preponderance of lipidosis among cats in the sample population.
We acknowledge that there are shortcomings in the use of results of cytologic examinations, compared with results of histologic examinations, as a basis for the diagnosis of certain types of liver disease. 29, 30, 58, 59 The use of only cytologic assessments coupled with a review by an experienced specialist in veterinary internal medicine seemed an acceptable, although not ideal, approach to accruing sufficient numbers of certain diseases (eg, hepatic lipidosis in cats) to permit assessment of the clinical relevance of ultrasonographic criteria. From our database, because of prevailing clinical philosophy, some diseases were not assessed by examination of core tissue biopsy specimens because of the clinical circumstances and risk of hemorrhage. Therefore, rather than exclude these data, we accepted the cytologic data when histologic data were not available. We also acknowledge that retrospective application of criteria, although used in an objective and unbiased manner, of only available static images may limit the full appreciation of subtleties evident on high-resolution screens in real-time evaluations. However, it was the only practical means available to enable us to separate a radiologist who selected the ultrasonographic criteria from the patient and its associated information.
It must be remembered that the analyses reported here were based on the use of individual ultrasonographic criteria combined or not combined statistically with individual hematologic or biochemical variables in an attempt to appropriately classify diffuse liver disease of dogs and cats into 1 of 7 categories by use of discriminant analyses. This is not a comparison of diagnoses rendered by the involved radiologists. Specific diagnoses were not solicited during the criteria-based assessment, and each radiologist had no knowledge about the clinical status or results of laboratory analyses for the patients evaluated. The objective was to determine whether a criterion-based approach to categorization of diffuse liver disease would be acceptably accurate to be useful clinically, regardless of whether used alone or in combination with other objective data such as biochemical or hematologic variables. The use of κ analyses among radiologists was not possible for most analyses because of variation in the use of the available criteria by each of the radiologists. In addition, it was hypothesized that specific ultrasonographic criteria (or combinations of criteria) would be found with strong correlations to specific disease categories to facilitate diagnoses among radiologists. However, it appears that a criterion-based approach is not a clinically applicable solution to the dilemma of diffuse liver disease in dogs and cats, regardless of how rigorous the application or whether it is paired with hematologic or biochemical data. Reports [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] in the human literature on diffuse liver disease revealed that the conclusions were varied and depended on the population studied, the inclusion criteria applied, the classification and data assessment schemes used, and the vintage of equipment used. These findings provided no additional applicable insights to our dilemma.
Application of defined ultrasonographic criteria in an objective unbiased (unaware of the patient, the clinical suspicion, and the biochemical values) manner yielded insufficient accuracy to be clinically useful in the categorization of naturally developing diffuse liver disease in dogs and cats. Therefore, it appears that the ultrasonographic characterization of diffuse liver disease in dogs and cats has limited value in discriminating among the categories of diffuse liver diseases that do not disrupt the ultrasonographic architecture of the liver. Even for lipidosis in cats, the calculated accuracy was, at best, only approximately 70% by use of this approach. It remains debatable whether a clinician with knowledge of the clinical situation and any other patient data would be better able to predict or even rank the categories of diffuse liver disease on a case-by-case basis. Therefore, we conclude that care must be exercised in the diagnosis of (or speculation on) the various types of diffuse liver disease on the basis of the ultrasonographic appearance alone or when used in combination with routine clinical biochemical or hematologic data. In addition, it appears that discrimination of normal from abnormal is not sufficiently accurate or predictable to be applicable in a clinical situation. We presume that there are insufficient differences among the acoustic impedances of the various diffuse liver diseases and the normal liver to permit clinically applicable characterization of liver tissue and discrimination among infiltrative liver conditions or abnormal from normal tissues with current ultrasonographic technology. Therefore, a cytologic or histologic analysis is of paramount importance in the assessment of diffuse liver disease in dogs and cats. 
Appendix 2
Extrahepatic criteria* for objective ultrasonographic assessment of liver disease in dogs and cats.
